The synthesis of a novel Li + /Mg 2+ /Al 3+ containing layered double hydroxide (LDH) by using a hydrothermal synthesis route is represented in this work. The autoclaves were heated up to 100˚C, 120˚C, 140˚C and 160˚C for 10 h and 48 h with a water to solid ratio (W/S) of 15:1. The physicochemical properties of the synthesized LDHs were investigated by X-ray powder diffraction (PXRD), fourier transform infrared spectroscopy (FTIR), thermo gravimetric and differential thermal analysis (TG-DTA), inductively coupled plasma optical emission spectroscopy (ICP-OES) and scanning electron microscopy (SEM). The formation of a solid solution phase depends strongly on the composition of the reactants and the synthesis temperature. Using an exact stoichiometric ratio of Li + /Mg 2+ /Al 3+ resulted in the synthesis of amorphous phases without producing plenty of crystalline amounts of the expected solid solutions while using higher temperatures than 140˚C resulted in a formation of AlO(OH). To avoid the formation of an Al containing amorphous phase or an AlO(OH) crystalline phase, the stoichiometric ratio of Li + was changed. 
Introduction
Layered double hydroxides (LDHs) consist of alternate positively charged mixed metal hydroxide layers and negative charged interlayer anions. The stoichiometry of these materials can be formulated as [ with z = 2, M = bi-and trivalent metallic elements, A = organic or inorganic anions and m = amount of interlayer H 2 O depending on the temperature, relative humidity and hydration level [1] . A special case is M z+ = Li + (z = 1) and M 3+ = Al 3+ . The ratio between Li and Al is always 1:2 [2] while the ratio between M z+ and M 3+ (z = 2) can vary strongly [3] depending on which M 2+ ion or synthesis parameters are used. These layered materials are able to intercalate negatively charged and neutral molecules or exchange the interlayer anion with organic [4] [ 
Synthesis
All mixtures of the initial components were prepared in a glove box with nitrogen atmosphere to avoid carbonatization. The synthesis were carried out in 35 ml PTFE-lined stainless-stealautoclaves [1] The mineralogical phases were determined by X-ray powder diffraction, the chemical compositions of the products by ICP-OES using the filtrate and the synthesis products dissolved in HNO 3 [11] [16].
Results and Discussion

Stoichiometric Composition
First experiments were carried out at 100˚C, pH 8. phase) a separation in two phases is visible between X = 0.1 and X = 0.8 ( Figure   1 and Figure 2 ). The ˚2Θ positions of the 110/112peaks at X = 0.1 -0. (Figure 2 and Figure 3 , Table 1 Mg 2+ independent from the Mg 2+ reactant amount. The miscibility gap for X = 0.1 -0.8 was observed at all tested synthesis temperatures (100˚C -160˚C) and times (10 h/48 h).
To synthesize pure solid solution phases, test series between X = 0.9 and X = 1 (in 0.02 mol steps) were conducted. XRD results show a single mineral phase with h0l peak shifts ( Figure 4 and Figure 5 ). This peak shifts follow nearly the calculated shifts for the solid solutions ( Figure 6 ). These experiments were also done at four different temperatures (100˚C, 120˚C, 140˚C, 160˚C). Although there is a shift difference depending on the temperature (Figure 6 ), no phase separation was observed for all investigated solid solutions ( Figure 5 ).
The optimal results for a pure solid solution phase were achieved at 120˚C/10 h synthesis time/pH 9.5 and W/S ratio 15:1 ( Figure 6 / Table 2 ). The measured lattice parameters a differ only slightly from the calculated and the lattice parameters c are nearly constant ( Table 2 ).
The products were fitted by Pawley fit and the space group was determined as Table 2 ). 
ICP-OES Analysis
To determine the chemical formula, all products were completely dissolved insuprapur 65% nitric acid and investigated with ICP-OES [11] [16] . The results were used to calculatethe LDH formulas (Table 4) . These calculations also stated a maximum content of an amorphous phase of <1%. Recrystallization tests showed no Al containing phases. Synthesis temperatures higher than 140˚C led to a destabilization of the LDH phase and the formation of AlO(OH) (Figure 7 ).
The test series with 160˚C were repeated several times producing always AlO(OH) next to the LDH. Calculations showed an Al containing amorphous phase and crystalline AlO(OH) proportion of 10 % to 90 % ( Table 3 ). The resulting lack of Al 3+ in the solid solution leads to LDH phases with a higher Mg/Al ratio than 2:1 and therefore to the formation of a LDH with higher Mg 2+ amounts next to the AlO(OH) phase (Figure 6(d) ). Table 3 . Proportion of the amorphous phase/AlO(OH) depending on the synthesis temperature. . The broadening at 40˚ and 47˚ ˚2θ(small picture) is interpreted as stacking faults [7] . because of the fitting bonding length [2] [21], the ion radii [7] and the determined hexagonal P6 3 /m space group, the structure of the pure phased solid solution should be identical with the Li-LDH (Figure 11 ). This is also indicated by ) and the metal-O and metal-OH vibrations (>1000 cm −1 ). Absorption at 2400 cm −1 is device related. Table 5 . Observed wavenumbers and the assignment bending. 
Thermal Analysis
Conclusion
It 
